Abstract. Primary central nervous system lymphoma (PCNSL) has a poor prognosis and requires early diagnosis and treatment. The aim of the present study was to investigate the difference between microRNA-21 (miRNA-21) expression in the plasma and cerebrospinal fluid (CSF) of patients with PCNSL, and to discuss the importance of miRNA-21 in its diagnostic and therapeutic evaluation. The research subjects were confirmed as patients with PCNSL with histopathological lesions at The First Affiliated Hospital of Harbin Medical University (Harbin, China) between December 2011 and 2017. Comparisons were drawn between the PCNSL, glioblastoma and the healthy control groups. CSF and plasma specimens were obtained from patients with PCNSL prior to chemotherapy, and CSF specimens were also obtained following chemotherapy. Plasma specimens were taken from patients with glioblastoma and the healthy control group. Using reverse transcription-quantitative polymerase chain reaction analysis, it was revealed that plasma miRNA-21 expression level had a notable diagnostic value in distinguishing PCNSL from glioblastoma, another common neurological tumor. Moreover, miRNA-21 expression levels in the plasma correlated positively with those in the CSF. Therefore, miRNA-21 in the plasma may be used as a novel diagnostic biomarker to distinguish patients with PCNSL from those with glioblastoma, whereas miRNA-21 in the CSF may have potential as a predictor of chemotherapeutic effect in PCNSL.
Introduction
Primary central nervous system lymphoma (PCNSL) is an aggressive non-Hodgkin's lymphoma that is confined to the central nervous system (CNS). It is a rare tumor that commonly exhibits the morphological and immunophenotypical features of diffuse large B-cell lymphoma (DLBCL). PCNSL frequently occurs in the brain, eyes, pia mater and spinal cord, accounting for ~3% of CNS tumors (1) . The disease has a poor prognosis, with a life expectancy without treatment of 3-5 months.
The only known risk factor for PCNSL is immunodeficiency, including as a result of acquired immunodeficiency syndrome (AIDS), transplant and immunosuppressive therapy, inherited immunodeficiency and other acquired immune deficiencies (2) . Human Epstein-Barr virus infection may be important in the etiology of PCNSL in immunocompromised patients (2) . Other etiological possibilities include in situ malignant lymphocytes, clonal hyperplasia in the CNS, dysplasia of lymphocytes the CNS and the malignant transformation of lymphocytes following CNS infection (3) . Studies have reported that PCNSL occurs as a result of genetic alterations, and the occurrence of lymphoma is heavily associated with microRNAs (miRNAs) (4-6). Zheng et al (7) demonstrated that the miRNA expression of primary central nervous system (PCNS)-DLBCL differed from that of germinal center (GC)-DLBCL and non-GC-DLBCL. miRNA-21, located on chromosome 17 q23.2, presents in a number of solid and non-solid tumors. The expression of miRNA-21 is increased in DLBCL, follicular lymphoma, and transformational DLBCL lymphoid tissue compared with healthy individuals (8) . The present study aimed to determine the expression and diagnostic value of miRNA-21 in PCNSL. The value of miRNA-21 in distinguishing glioblastoma, another common tumor in CNS, was also assessed in addition to predicting the therapeutic effect of chemotherapy in PCNSL, which has not been reported previously.
Patients and methods

Clinical information.
A total of 25 patients with PCNSL from the First Affiliated Hospital of Harbin Medical University (Harbin, China) between December 2011 and December 2017 were enrolled in the present study (male, 13; female, 12; median age, 56.6 years; range, 36-69 years). The inclusion criteria were as follows: i) Patients with or without an impaired performance of the CNS as the primary symptoms (headache, dizziness, nausea, vomiting and other elevated intracranial pressure symptoms; epilepsy, aphasia, visual impairment, limb weakness, unsteady gait and other neurological symptoms). Lymphoma lesions were localized in the CNS and were all confirmed by histopathological examination; ii) all patients received bone marrow biopsy and an ultrasound to rule out systemic lymphoma; iii) following detailed physical and auxiliary examinations, no systemic lymphoid hematopoietic tissue or other system involvement was confirmed; iv) human immunodeficiency virus (HIV) antibody test was negative. The exclusion criteria were as follows: i) cancer; ii) pregnancy; iii) severe infection; iv) severe cardiovascular or cerebrovascular diseases; v) heart, liver or kidney dysfunction; and vi) autoimmune disease. The control groups were 25 patients with glioblastoma (male = 11, female = 14; median age, 57 years; range, 44-67 years) and 25 healthy volunteers (male = 13, female = 12; median age: 57.2 years; range: 43-68 years). The inclusion criteria were as follows: i) Patients diagnosed with glioblastoma or volunteers without CNS diseases; and ii) HIV antibody test was negative. The exclusion criteria were the same as for the PCNSL group.
The Harbin Medical University Ethics Committee (Harbin, China) approved the present study, and all blood samples or cerebrospinal fluid (CSF) samples were used with the written informed consent of the patients.
Imaging and clinical evaluations. Cranial computed tomography or magnetic resonance imaging was used to indicate the site of intracranial invasion. The Karnofsky performance status (KPS) score (9) was used to assess the performance of patients with PCNSL in daily activities.
Laboratory examinations. Lactate dehydrogenase (LDH) in the serum and CSF were examined prior to treatment at the clinical laboratory of The First Affiliated Hospital of Harbin Medical University. LDH was detected using the Beckman LDH kit (Beckman Coulter, Inc., Brea, CA, USA). Protein and sugar contents in CSF were measured with dry chemistry method (VITROS; Ortho-Clinical Diagnostics, Inc., Rochester, NY, USA). Leukocytes were counted using a light microscope (magnification, x40).
Plasma and CSF samples. Peripheral blood samples (3 ml) from patients with PCNSL, with glioblastoma, and healthy volunteers were collected into EDTA anticoagulant tubes prior to chemotherapy, and processed within 4 h of collection. All patients with PCNSL received high dose methotrexate (MTX)-based chemotherapy following admission to hospital. CSF was taken during lumbar intrathecal chemotherapeutic injection. The CSF was collected into sterile collection tubes prior to, following one cycle, and following three cycles of chemotherapy, and was processed within 4 h of collection. Plasma and CSF were isolated at 4˚C under centrifugation for 10 min (1,500 x g). The supernatant was transferred to a clean tube and the procedure was repeated prior to storage at -80˚C.
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from patient samples using a TRIzol ® extraction kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer's protocol. Optical density (OD) and RNA concentration were determined using a UV spectrophotometer at 260 and 280 nm. Zero-point adjustment prior to measurement was conducted with diethylpyrocarbonate-treated water. Each sample was tested twice, and an OD260/OD280 ratio of 1.8-2.0 was deemed acceptable.
To detect miRNA-21, RT-qPCR was performed, according to the manufacturer's protocol. Briefly, 20 µl of each sample (100 ng total RNA) was used in the RT reactions (42˚C for 50 min, 95˚C for 5 min, followed by 4˚C). qPCR was conducted using the following conditions: 95˚C for 5 min, 40 cycles of 30 sec at 95˚C, and 40 sec at 72˚C. The miRNA expression levels were calculated as the quantification cycle (2 -ΔΔCq ) of miRNA-21 (10). β-actin (forward, 5'-GGC ACC CAG CAC AAT GAA G-3' , and reverse, 5'-CGT CAT ACT CCT GCT TGC TG-3') was used as the internal control. RT reactions and qPCR were performed using a SuperScript VILO Synthesis kit (Thermo Fisher Scientific, Inc.) and the SsoAdvanced SYBR ® Green Supermix (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The primers used were as follows: miRNA-21 forward, 5'-GTG CAG GGT CCG AGG T-3', and reverse, 5'-GCC GCT AGC TTA TCA GAC TGA TGT-3'.
Statistical analysis. Each experiment was repeated two more times and the mean value was calculated. Values for miRNA-21 in the plasma and CSF are displayed as the mean ± standard deviation. Data between the PCNSL and the control groups were compared using analysis of variance with Student-Newman-Keuls post hoc test. Correlations between miRNA-21 expression levels in the plasma and those in the CSF were assessed using the Pearson's correlation coefficient. Receiver operating characteristic (ROC) analysis was used to determine diagnostic values. The Wilcoxon test was used to test the value changes in CSF miRNA-21 prior to and following chemotherapy, in patients who responded to chemotherapy and those who did not. Spearman's rank correlation coefficient was used to test the reliability and validity of miRNA-21 in predicting therapeutic effect. Statistical analyses were conducted using SPSS 19.0 (IBM Corp., Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical features of patients with PCNSL.
Following donation, 25 plasma samples and 75 CSF samples for each time point were analyzed (prior to, following one cycle, and following three cycles of chemotherapy) from 13 male and 12 female patients with PCNSL, and 50 plasma samples from the control groups (25 patients with glioblastoma and 25 healthy volunteers). There was no significant difference in sex or age between different groups (P>0.05). The pathological types of the patients with PCNSL were all B-cell type lymphoma, in which DLBCL accounted for 23 cases, and the other 2 cases were unclassified B-cell type lymphoma. Headache, nausea, vomiting, and other symptoms of intracranial hypertension were the most common symptoms. Visual impairment, limb weakness, numbness, paraplegia, and other physical disabilities were also observed.
Imaging and clinical evaluations. All patients with PCNSL underwent imaging examinations by cranial computed tomography or magnetic resonance imaging. Imaging data revealed that the frontal lobe was most frequently affected (data not shown).
The KPS score was used to assess the performance of the 25 patients with PCNSL in daily activities. The KPS score was ≥80 in 15 cases, and <80 in 10 cases (the scores of 3 cases were <60). The majority of the patients remained independent with relatively mild symptoms (data not shown).
Laboratory examination. Of the 25 patients with PCNSL, LDH in the serum of 6 cases (24%) was aberrantly elevated, while it was normal in 19 cases (76%). CSF was also tested. The normal group was defined by leukocyte number, protein and sugar content within the normal limits. Samples outside of these limits were assigned to the abnormal group. CSF examinations revealed that the majority of patients with PCNSL had a normal leukocyte count and sugar content, but abnormal protein content. Patient number and percentage in normal and abnormal groups are displayed in Table I .
Expression and diagnostic value of plasma miRNA-21 in PCNSL.
The relative expression levels of miRNA-21 in the plasma of the PCNSL, glioblastoma, and healthy groups were assessed using RT-qPCR prior to chemotherapy. The miRNA-21 expression levels in the plasma of the PCNSL group were significantly higher when compared with that in the other groups. In addition, miRNA-21 expression in the plasma of the glioblastoma group was also significantly higher compared with that in the healthy group (P<0.05). The relative expression levels of miRNA-21 were higher in the PCNSL group and there was a slight overlap in the distribution of miRNA-21 in the PCNSL group and the glioblastoma group, while there was a greater overlap between the glioblastoma group and the healthy group (Fig. 1) . The ROC curve illustrates that miRNA-21 in the plasma had a high specificity for distinguishing PCNSL from the healthy control group [area under the curve (AUC), 0.971; 95% confidence interval (CI), 0.933-1.000] ( Fig. 2A) and glioblastoma group (AUC, 0.862; 95% CI, 0.763-0.962) (Fig. 2B) .
Correlation of miRNA-21 expression in CSF and plasma in PCNSL. By comparing the expression levels of miRNA-21 in plasma and CSF prior to chemotherapy in patients with PCNSL, the correlation analysis revealed a significantly positive correlation (Pearson's correlation coefficient: r 2 =0.708, P<0.001) (Fig. 3) .
miRNA-21 expression levels in the CSF of patients with PCNSL prior to and following chemotherapy. Patients admitted to the hospital were predominantly treated with There was a minor overlap in the distribution of the PCNSL and the glioblastoma groups, while there was a greater degree of overlap between the glioblastoma and the healthy control groups. miRNA, microRNA; PCNSL, primary central nervous system lymphoma. high dose MTX-based chemotherapy. The treatment regimen consisted of chemotherapy alone or followed by whole brain radiation therapy. The effects of treatment were evaluated following three cycles of chemotherapy. The complete remission rate was 52%, partial remission was 36%, stability was 8% and disease progression was 4%. The total response rate was 88%. miRNA-21 was detected in patients with PCNSL prior to, following one cycle, and following three cycles of chemotherapy. miRNA-21 in patients with PCNSL had a relatively high expression level of 15.12±1.98 prior to and 14.23±1.81 following one cycle of chemotherapy (P>0.05), and as low as 2.94±1.15 following 3 courses of chemotherapy (of the 22 cases that responded; P<0.001, Fig. 4 ). However, there was no significant difference between the expression levels of miRNA-21 in patients prior to treatment compared with those in patients following one course of chemotherapy. The CSF miRNA-21 value prior to treatment minus the value following chemotherapy was calculated. Variations in CSF miRNA-21 were much higher prior to and following chemotherapy in patients who responded to chemotherapy compared with those in cases who had no response (P= 0.006; Fig. 5 ). Spearman's rank correlation coefficient confirmed the reliability and validity of this biomarker (Spearman's rho= 0.563, P= 0.003; data not shown). 
Discussion
PCNSL is a type of non-Hodgkin's lymphoma with a high proliferative tumor index of >50%. However, the incidence of PCNSL in the general population is low, and accounts for ~3% of all CNS tumors (1). Patients' specimens are difficult to collect; in the present study, plasma and CSF were collected from 25 patients with PCNSL, with an average age of 56.6 years, and 92% of PCNSL cases were positive for DLBCL. This is consistent with earlier published data indicating that the median age of onset for PCNSL in patients without other potential immune diseases is between 50 and 65 years (11) . Owing to the involvement of the immune response, T cells and macrophages are frequently present in PCNSL lesions. Long-term immunosuppressive therapy or underlying disease is a considerable risk factor for PCNSL. PCNSL is more common in patients suffering from chronic inflammatory diseases, including systemic lupus erythematosus, tuberculosis, vasculitis, serious congenital immunodeficiency, AIDS, or those who have undergone immunosuppressive treatment as a result of transplantation (2) . However, the discovery of the etiology of nervous system symptoms and brain lesions in patients with PCNSL remains a challenge. Immunosuppression is also the cause of other common, lethal brain tumors including glioblastoma, and it is difficult to distinguish between PCNSL and glioblastoma with imaging methods alone (12) . In patients with suspected PCNSL, brain tumor stereotactic biopsy is the most effective diagnostic method. However, CNS biopsy carries a risk of bleeding and brain tissue damage. Therefore, an improved diagnostic approach is required.
The symptoms of PCNSL are also observable in other CNS disorders. In the majority of cases of DLBCL lymphoma with poor outcome, LDH is elevated (13) . However, in the present study, LDH was normal in 76% of PCNSL cases. In the majority of cases, routine CSF assessment, leukocyte count and sugar content were within the normal limits, as was the protein content in 32% of cases. As a number of the patients displayed no obvious signs of disease, PCNSL cannot be diagnosed by the routine examination of CSF and biochemistry.
There is growing evidence to suggest that an imbalance in miRNA expression is evident in various types of cancer, and that miRNAs may act as oncogenes and tumor suppressor genes (5, 14) . Alterations in miRNA expression levels are apparent in various malignant tumors, including leukemia and lymphoma, thus miRNAs are increasingly used as diagnostic and prognostic markers (15) (16) (17) . The direct extraction of miRNAs from tumor samples (18) and simple detection of circulating miRNAs in human serum or plasma is also advantageous. Furthermore, it has been reported that miRNAs predict the clinical course of malignant tumors, including chronic lymphocytic leukemia and acute myeloid leukemia, in addition to certain organic diseases, including pancreatic tumors (19, 20) . Therefore, a miRNA biomarker may be useful in the detection of PCNSL.
It has also been reported that the CSF expression levels of miRNA-21, miRNA-19, and miRNA-92a are increased in patients with PCNSL (21). Baraniskin et al (22) detected miRNA-15b and miRNA-21 expression levels in CSF through a comparative study of 23 patients with PCNSL, 10 patients with glioblastoma, 7 patients with brain metastases, and 10 control patients with various neurological disorders. The inclusion of miRNA-15b and miRNA-21 in combined expression analyses resulted in a diagnostic accuracy of 90% sensitivity and 100% specificity to distinguish patients with glioblastoma from those with PCNSL. Baraniskin et al (23) later confirmed their previous findings in an enlarged PCNSL cohort (n=39; sensitivity 97.4%). In combined analyses of miRNA-21, miRNA-19b, and miRNA-92 in CSF, it was possible to differentiate PCNSL from other neurological disorders.
There is a certain degree of miRNA-21 expression in normal human plasma, where it is involved in the regulation of cell growth and differentiation (14) . Therefore, miRNA-21 may contribute to the development and progression of disease, though only a small fraction of the biological functions of miRNA have been elucidated. Conti et al (24) and Wei et al (25) demonstrated that the expression level of miRNA-21 increased 7-11-fold in patients with glioblastoma compared with the normal control group, suggesting that miRNA-21 may be used for tumor diagnosis and staging.
Although obtaining CSF through a lumbar puncture is less invasive compared with a brain tumor biopsy, blood examination is a yet more favorable option. Lawrie et al (26) were able to detect miRNAs in the serum of patients with DLBCL. However, Baraniskin et al (23) revealed that miRNA levels in the serum of patients with PCNSL (n=14) were not elevated compared with those of the control groups, including those with various neurological disorders (headache, seizures, syncope and stroke); this suggested that the blood-brain barrier was responsible for the differences between CSF and blood circulation in patients with PCNSL, and the small sample size may have been a further hindrance. In the present study, Pearson's correlation analysis revealed that miRNA-21 expression levels in the plasma were significantly positively correlated with those in the CSF. These results and those of a previous study (27) confirmed that it was possible to detect miRNA-21 in the plasma, as opposed to the CSF, of patients with PCNSL; Mao et al (27) revealed that expression levels of serum miRNA-21 did not differ significantly among CNS inflammation, metastases and healthy control groups. Thus, this was not repeated in the present study, and only glioblastoma (another common CNS tumor), and the healthy control groups were designated. RT-qPCR was used to confirm that miRNA-21 expression levels were higher in the plasma of patients with PCNSL, compared with those in the glioblastoma and healthy control groups. miRNA-21 expression in the plasma of patients with glioblastoma was also significantly higher compared with those in the control group. These results advocate plasma miRNA-21 to be a biomarker for the diagnosis of glioblastoma and PCNSL; lower miRNA-21 expression levels suggest glioblastoma, and higher levels suggest PCNSL. The results were consistent with an aforementioned previous study (28) , in which the authors proposed that serum miRNA-21 expression levels were of value in identifying and prognostically stratifying patients with PCNSL, though they did not conclude whether miRNA-21 may be used to monitor the efficacy of chemotherapy.
Studies have demonstrated that aberrantly expressed miRNAs are associated with disease stage, drug resistance and survival in a large proportion of patients with cancer. Therefore, targeting these specific miRNAs may provide an efficient and optimal approach to the treatment of these types of cancer (29-32).
The study by Baraniskin et al (23) provided evidence that CSF miRNAs have great potential as biomarkers for monitoring the treatment and disease follow-up of patients with PCNSL.
In the present study, patients were predominantly treated with high dose MTX-based chemotherapy combined with intrathecal injection, and only one patient with paraplegia was first administered radiotherapy (6, 28, 33) ; these patients had a high response rate to treatment (88%). To investigate the variation in miRNA-21 expression level in the CSF, miRNA-21 was subsequently detected prior to and following chemotherapy. Although the level of miRNA-21 expression decreased following one course of chemotherapy, there was no significant difference prior to and following treatment. However, the miRNA-21 expression level decreased significantly following three cycles of chemotherapy in patients responsive to treatment, while there were no obvious alterations in expression level in patients who did not respond to treatment (n=3). These results indicated that certain chemotherapeutic agents may exhibit anti-cancerous activity through the regulation of miRNA expression, which may influence cellular processes including DNA repair, cell cycle arrest, and apoptosis (34) . This also suggests that miRNA-21 in the CSF may serve an important role in the evaluation of therapeutic effect and prognostic assessment in PCNSL.
In brief, miRNA-21 used as a diagnostic and therapeutic evaluation biomarker of PCNSL, is not only safe and convenient, but may also improve the accuracy of PCNSL diagnosis and prognostic estimation. The use of miRNA-21 as a tumor marker may also have potential in the clinical diagnosis and treatment of PCNSL.
